Sedimentation velocity analysis of amyloid oligomers and fibrils using fluorescence detection.
The assembly of proteins into large fibrillar aggregates, known as amyloid fibrils, is associated with a number of common and debilitating diseases. In some cases, proteins deposit extracellularly, while in others the aggregation is intracellular. A common feature of these diseases is the presence of aggregates of different sizes, including mature fibrils, small oligomeric precursors, and other less well understood structural forms such as amorphous aggregates. These various species possess distinct biochemical, biophysical, and pathological properties. Here, we detail a number of techniques that can be employed to examine amyloid fibrils and oligomers using a fluorescence-detection system (FDS) coupled with the analytical ultracentrifuge. Sedimentation velocity analysis using fluorescence detection is a particularly useful method for resolving the complex heterogeneity present in amyloid systems and can be used to characterize aggregation in exceptional detail. Furthermore, the fluorescence detection module provides a number of particularly attractive features for the analysis of aggregating proteins. It expands the practical range of concentrations of aggregating proteins under study, which is useful for greater insight into the aggregation process. It also enables the assessment of aggregation behavior in complex biological solutions, such as cell lysates, and the assessment of processes that regulate in-cell or extracellular aggregation kinetics. Four methods of fluorescent detection that are compatible with the current generation of FDS instrumentation are described: (1) Detection of soluble amyloid fibrils using a covalently bound fluorophore. (2) Detection of amyloid fibrils using an extrinsic dye that emits fluorescence when bound to fibrils. (3) Detection of fluorescently-labeled lipids and their interaction with oligomeric amyloid intermediates. (4) Detection of green fluorescence protein (GFP) constructs and their interactions within mammalian cell lysates.